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This invention relates to :interïatly :sulate-d 
vessels designed fo hand!e m.erals.. :t, .high 
temperatures. 
It bas become necessry n man. ar t pro- 
vide vessels capable of hng 
temperatures ell bove :the ange 
bon steel is a satfactorymaer. 
tion. Vessels ïor ts .class 
made of high cleep .strth os :f ,vious 
analyses. ,Such lloy y¢ss¢ls hy  bcen-.ound 
satisfactory  my instis bt he c¢st 
of the alloys, the diffic,tiS. £ena-t, heir 
fabrication, the.spe,ci ,t teatmes:reuioE, 
and the matenance and repa-.DrDlm 
such alloy vessels cos£!y nd 
It has been proposed .o ee,:çhe aecesi:ty 
for high creCp sregh all, by loyi-ng 
heat iulating ling .agans bhe inn vlts::of 
the vessel fo .redce thei, r mp.er 
range in which carbon $£e1 
The iulating nis of this charactevthat have 
gone into use usually include a depth of insula- 
tion wch is separad by .a c0mparativel-y rhin 
metal liner element from-the maerial handl. 
Since the me.tal liner element 
withstand the -oper,ating- prses,, p0isi0n 
ruade for pressure uaatin 
cross-secgon of the vessel. 
Internal iulation lig,, oer . properl:y 
serve their purpose, must e,o  ens£vuced .and 
arranged that their insulating ae .rens: un- 
impaired in serce. The chier, cae of ]oss.of 
sulating value i service.is he flov f 
through the space occçied b he 
component of the lig,.  .appr¢ciable-flow of 
the material rough £he sace occnpied by he 
insulation component wfil re he mpera.ur 
of the vessel wlls-above the rage-.r,,which :ey 
are designed.  the flow is pr, ono¢ed hot-spots 
may develop which s0metes.apprach 
perature of the -materil .hn¢d,, ,also,. flow 
material through the sce occup!ed by 
sulation component .my at tes..emoe 
insulation .itself. These c.ases may pr0duce a 
daerous contion that limt¢y. :vestons in 
failure of the-vessel. 
To prevent flow of the maternel 
through the space occupied bY .th¢ insulaon 
component if bas bn :poposed fo ïdie suh 
space into a number of chmbers Spr,ated 
one another by elem¢ impeos-to.the .flow 
of the material handled. The imperyios :sepa- 
rating elements ,.a,re usualty ,ud . th¢ essl 
walls and to the .m¢l ler 'eleme ;:and: 
port-the,mÇal-vr elmÇ 
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,these.proposls are. a stop in the right direction 
.hey..are of little value unless the metal liner 
.element,!n.anyposition .of use, or under any con- 
tlition of operation, can expand and contract 
 . ithout substantial restraint; otherwise, it will 
v.arp .and distort .to permit .undesired flow of the 
raat_erial .handled through the space occupied by 
:he .,nulation coraponent. Also, itis necessary 
,that the impervious separating elements be of 
10 .snch .form and construction that they .not only 
do hOt offer substantia-1 restraint to the expan- 
sion  and .contraction movements of the metal 
liner, elements but .they themselves expand and 
c.ontr.act:with .a minimum of restraint to the end 
.15 that disruptive stresses are not set up within 
-h.em ta would cause the joints between the 
-imp.ervious se.parating elements and the vessel 
,wl!s or .the jeints between the impervious sepa- 
r.a£ing elements-and the moral liner elements fo 
2 rail ,and, .thus, provide passage ïor substantial 
flow et .the material handled through the space 
occupied by the nsulation component of the 
liner. 
Ho-sp0ts may aIs0 .appear because of .voids in 
2 .h¢ ilqsultion formed by packing and movement 
.of :the.isulatien .through the expansion .and con- 
actio of .he metal liner .elements and .their 
s.upp0rting ,elements. To eliminate, or ai least 
.r.eluce-.te a minimum, hot-spots that ppear 
:30 hr.o.ugh this cause, .he arrangemen.t and con- 
:strnc.tion et the mets1 liner elements and .their 
-S.Upp,orting elements should :be such ha-t their 
expansion .a-nd conta.ction mo/emens bave, a 
minimum tendency to more or-p.ack-the insula- 
.35 -ion.: 
F!ow in the spa,c,e oc,cupied by the .insulation 
may lso .ake place _due to filure .of th moral 
tiner elemen by .erosion. I.n .saigt ns 
erosion is usuatly .not, serio!s problem-but .in 
40 r_uns wherei-n h_e :irection of 12ow .of the .material 
handled is change,d, rosion ,can be serious, espe- 
cially if the ,matei.l handlednclulessçli par- 
ticles. It bas become.accepd pactice to ,pço,tect 
:secti0ns-of the insulation lining sbect fo 
.5 erosive wear by increasing the çhicknCss ,of-the 
moral liner element. This expedient is only a 
partial sol!tion.. ,ErosioI1 does .hot talle place 
eenty ,so that ev, en with a. thicker metallner 
elemet  great dea.1 of-,checking and ilÇpection 
50 ,is necessary; alse, for he saine reason, there is 
-n. ,warning of :faflre. Welds, esPeciall_y cir- 
 çImïer-.en.tial ,elds ta.t pvoject-into-he fiow 
. steam, are eÇpecia!!y subject to ,wesx by-evosion, 
-nd 2nceasing the othickness ,of ,the,metal, liner 
:s;5.,elemet ..iE owie -re_duce$ their SscePtiblity 
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to wear. Furthermore, when faflure of the metal 
liner element occurs, or the metal liner e]ement 
is worn to the danger point, repair generally in- 
volves rebuflding a large section of the insulation 
lining. 5 
Itis a prhnary object of this invention to pro- 
vide a novel internal insulation lining for res- 
sels which includes an insulation comportent 
separated from the material hand]ed by a metal 
llner element supported in any angular disposi- 10 
tion of the vessel by a continuous, impervious . 
member united to the vessel walls and to the 
metal liner element to provide an impervious 
barrier to the flow of the material handied 
through the space occupied by the insulation 15 
comportent and to permit substantially unre- 
strained radial and longitudinal expansion and 
contraction of the metal liner element; the im- 
pervious member being such that it expands and 
contracts with a minimum of restraint and with- 2o 
out setting up within it substantial disruptive 
stresses tending to tear the joints that unite if 
to the ruera1 liner element and to the vessel walls; 
the arrangement of the impervious member and 
metal liner element being such that substantial 25 
packing of the insu]ation comportent or creation 
of voids therein does hot result by reason of 
the expansion and contraction of the impervions 
member and the metal liner element. Itis a fur- 
ther important object of the invention to provide 30 
in the novel internal insulation lining mentioned, 
an impervious support member ruade up majorly 
of a normally cylindrical support member ar- 
ranged to expand and contract with a minimum 
of restraint and s0 united to the vessel walls and 5 
to the liner element that the forces set up in it 
due to expansion and contraction do hot bave 
their effect directly at the joints uniting the 
pervious support member to the vessel walls 
and the metal liner element. It is also a major 
object of the invention to provide in the novel 
internal iusu]ation lining mentioned a simple 
erosion protection arrangement which does hot 
materially restrain the radial or longitudinal 
movement of the metal liner element while it 45 
effectively protects the metal liner element and 
the welded joints therein, the arrangement be- 
ing such that checking and inspection are re- 
duced to a minimum and a definite warning is 
given before the metal liner element is attacked, 50 
the arrangement, furthermore, being such that 
it may be readily and cheaply replaced in whole 
or in part without rebuilding or disturbing the 
insulation lining. 
The further objects, features, and advantages 55 
of the invention will be readily apparent from 
the following description of a present preferred 
embodiment of the invention taken with the ac- 
companying drawings, in which: 
Fig. 1 is a sectional view fllustrating the in- 6o 
vention as applied to a cylindrical vessel; 
Fig. 2 is a view simflar to Fig. 1 of a vessel 
having a bend therein; and 
Fig. 3 is an enlarged sectional view of a detail 
of the invention. 65 
The novel internal insulation lining of the 
invention is of general application and may be 
applied to vessels, pipes, conduits, and the like 
that are used for handiing, storing, processing, 
or flowing solids, gases, vapors or mixtures there- 70 
of. By "processing" it is intended to include 
operations in which combustion takes place 
directly in vessels, pipes, conduits, and the like. 
Hereinafter, the terre "vesse1" wfll be used to 
indicate and to include all forms of apparatus to 75 

4 
which the novel internal insuiation lining may 
be applied. The novel internal insulation lining 
may be applied to vessels of any size or shape 
and is usually formed to conform to the internal 
shape of the vessel. Since itis more usual to line 
vessels having a generally circular transverse 
cross-section, the invention will be described and 
claimed in connection with such vessels without 
intention, however, of limiting if to such vessels. 
While the vessels to which the novel internal 
insulation lining of the invention is applied are 
intended fo handle materials at elevated tem- 
peratures and usually also at elevated pressures, 
the invention is not limited to vessels handling 
high temperature materials as, obviously, the 
novel lining is useful even at very low tempera- 
tures. Thus, the novel internal insuiation lining 
may effectively be used fo line vessels handling 
gases and other materials af temperatures in 
the range in which carbon steel is not satisfac- 
tory because of its low shock resistance, so that 
by reason of the novel lining the temperature 
of the vessel walls can be kept above said range. 
Vessel I0, shown in Fig. I as a straight length 
of pipe, includes a wall I I formed with flanges 
12 at ifs ends. Wall I I is preferably, though 
not necessarily, ruade of carbon steel. When 
ruade of carbon steel itis usually designed for 
temperatures not substantially in excess of 
650 ° F. Against wall I I is disposed insulation 
material I. The depth of insulation material 
I employed is such as is necessary fo provide 
the required temperature difference between the 
material handled and the wall I I of vessel 0. 
The material handled, may, for example, be high 
pressure steam af about 1800 ° F. In such case, 
the depth of insuiation-I$ mnst be sufficient fo 
provide a heat barrier capable of keeping the 
temperature of wall I I at or below the chosen 
temperature for which walls 11 are designed. 
Insuiation material I  may be of any preferred 
kind and character suited fo the service. 
present, if is preferred to use insulation material 
of such kind and in such form that it may be 
easily applied fo the inner surface of the walls 
of the vessel and shaped fo conform fo the con- 
tour of said surface. An insulation ruade uP of 
amosite asbestos, diatomaceous earth and a suit- 
able binder has been round satisfactory for the 
service mentioned above. 
Insulation material I is separated from the 
material handied by metal liner element 14 which 
is ruade up Of a plurality of sections I 6. The sec- 
tions of metal liner element 14 may be ruade of 
any metal suitable for the service. If the material 
handled is non-corrosive, and carbon steel is suffi- 
ciently strong at the operating temperature to 
hold its shape, carbon steel may be used since 
metal liner element I gis hot designed to with- 
stand the operating pressure. If the material 
handied is corrosive or cabon steel is hot strong 
enough to keep its shape at the .operating tem- 
perature, corrosion resisting alloys having su- 
perior high temperature creep, strength such as 
chrome steel or chrome-nickel steel, and the like, 
may be used. 
Sections I are each formed of two sub-sec- 
tions, usually equal in length, united o each other 
and to T-ring I] by circumferential weld 
Each of the sub-sections is formed oit of one or 
more sheets of the proper length of metal of the 
chosen analysis and gage united at their.abutting 
edges ,by longitudinal welds to form an open- 
ended cylinder. The subsection, forming the 
downstream end of section I bas united toits 



inside face and near he end thereof a nar, rov 
buffet ring  9 and a lp ring 2, ly mears of weld 
deposits 2 ! and 22. Bufer ring t9 serres tepre- 
vent failure or diS]odgement of- lap ing 2 by 
proteeting weld -. from erosive wear vhich is 
generalty excessive in circum.fsrenial wèlds that 
project into the flow sream of the material 
handled. To the outside face of .the saine sub- 
secti,on end is united a smaller lap ring 25 -by a 
circumferential weld. The armular groove pro- 
vided ,by ]ap rings 2: and  ïs adapted to fit 
the upstream end of the next-section  , the ends 
of the sections being properly spaced to provide 
for theh" longitudinal 'expansion and contraction 
movements. The expansion joint thus formed 
also provides a passagewy .for pressureequtiza- 
tion in the space occupied by insulation I..Lap 
rings 2e and 23, aside from performing their joint 
ïorming functions, serve .to stiffen the .ends of 
the sections against distortion and strengthen 
them against collapse; these lap rings also serve 
to maintain the section ends in alignment dur- 
ing their expansion and contraction .moements, 
and, furthermore, prevent direct impingement oî 
the material handled on insulaion material 3 
as we]l as aspiration thereof during rapid pressm'e 
equalization. 
The downstream end of the downstream sec- 
tion $ terminates adjacent the end of pipe O 
and bas united thereto.a lap.ring 2@ and a buffet 
ring  9. A portion of this ]ap.ring 2.{} extends.into 
the next vessel 9' and telescopes into the end 
of meta] !iner ' thereof. Weld 2, uniting 
ring -9 te the moral liner element 4, is protected 
against erosion by a ;buffer ring  , united te the 
metal liner element  by circumferential we]d 
2. This lap ring 2} serves 5o st.iffen the ends of 
moral liner e]ements  4 -nd  4" and strengthens 
them against collapse while it serves te ïnaintain 
them in alignment during expansion and contrac- 
tion. This lap ring 2{}, furthermore, pr.otects, the 
space between meta] liner elements . and |' 
provided for pressure equa!ization against direct 
impingement by the material handled and pro- 
vents asph'ation of insulation on suddenpressure 
equa]ization. Near the ends .of vessels  } and  8/ 
are welded rings 2 and 2@' which ser.e te_ hold 
r.ope insulation 2, or packing insulationin other 
ferre, in position when £he joint between vessels 
 8 and  }' is closed by taking up on £he)bolts, net 
shown, that pass through theholes.in flange rins 
2 and 28'. 
Each of the T-rings .., as best showninFig. 3, 
is united te an elongated normally cylindrical 
member 3. Cylindzical member 3 is urdted te 
a ring  which, in turn, is united te, wall  .of 
vessel 9. The transverse weB of T-ring  is 
ruade sthî enough te resist deformation by cylin- 
drical member  during expansion,and contrac- 
tion movements. The end of the web of T-ring 
| is positioned sufliciently away from he .end 
of cy]indrical member3O te permit, it to be united 
te cylindrical member 3 by,circumferential-weds 
32 and 33. Ring 3 is united te wtl . by a-oir- 
curnferential weld .3 deposited on-the side .of 
ring 3  away frein T-ring  . A substantial .por- 
tion of cylindrical 'member 3 Bears on ring 3. 
The end of the bearing portion of cylindrical 
member  is united te ring 31 by a circumferen- 
tial weld  deposited on the saine side ofring 
as weld 3. Cylindricalmmber 3O-is chosen rhin 
enough te readily flex under the influence of 
stresses set upthereindue te-rhug   nd ring -3 
Cylindrical melnbers 3O.and Trings | provide 
impervious barriers te %he ow -f the, material 
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handled through the space occupied by insulation 
  3 and serve te separatesaid space into.a.plurality 
of butk-headed compartments frein-one te an- 
other of which the material handled canner ,fie.w. 
5 Each .of these bulk-headed compartments, how- 
over, is provided at or near its middte region with 
a ring:like passage of controlled size, :he passage 
provided ,by the expansion joint, through which 
communication between the central space .en- 
10 closed by moral liner .element .4 nd .the space 
occupied by insutation  is had for pressure 
equalization,  
The insu!ation lining may be applied during 
fabrication of the vessel-or immediately there- 
1 after or it ma beapplied after the vessel is posi- 
 tioned or use. This will enerally .depend on 
he :size and shape of the vessel. In any event as 
.much of the insulating lining, or its components, 
witl be -fabricated .outside of the vessel as is pos- 
20 sib]e. 
Assuming that essel i is d large size pipe 
ha affords ready man access, the insulation 
lining may be app]ied in a convenient manner by 
initially positioning all of rings  and uniting 
25 them .te wall .  by means of welds . This per- 
toits rings  te be accurately positioned as .the 
internal space of vessel } is af this rime unen- 
cumbered with other parts..Cylrndrical mem- 
bers 0, previously having had T-rings ;I united 
30 -thereto, are next positioned and united te rings 
3|. Flat rings 2  are thon positioned and united 
-te the vessel wall .. Insulation material $ is 
next applied te vessel wall . Insulation  is 
net positioned in the space between cylindrical 
35 .member 3 and vessel wall |.. The moral sheets, 
in the fiat form or in a parlF or fully shapd 
condition, necessary te ferre the upstream and 
downstream sub-sections of sections , are thon 
moved into the vessel and assembled. In this 
40 assembly care must be taken te space the ends of 
the sections te provide suflïcient room for expan- 
sion. After the sub-sections are complote the 
 proper pairs of sub-sections are united te .each 
other and te their T-rings  y depositing welds 
45 |. It is te be noted that the sheets used te ferre 
he downstream sub-sections should have ]ap ring 
25, .or the comportent parts .thereof, nnited there- 
 te before such sheets are moved into the vessel 
I{}. ït is a]so preferred te unite bufïer rings 
50 or the comportent parts thereof, te the sheets 
used te f)rm .the downstream sub-sections before 
such sheets are moved into vessel }. Lap .rings 
2 and 24 arethen moved into position and united 
te the section ends and te buffet rings | :by 
55 depositing circumferential welds 
Rope insu]ation 2 is positioned prier te clos- 
ing the-joint between vessels   and |' by.tking 
up on the .bolts, net shown, that pass through 
the bolt holes in flange rings 2 and 
60 In service the heat of-the material handled 
wfll cause radial and longitudinal .expansion of 
the moral liner element .|.4. Considering flrst 
radial expansion; as liner  increases in tem- 
perature it wfll expand in the direction .of the 
65 walls . Since it can be presumed that the 
whole of the moral liner of any of the sections 
 wfll attain a substantially uniform tempera- 
ture, the temperature rise wfll result in a uniform 
increase in diameter of the whole of the section 
70 . Since T-ring ] iswelded directly to.its liner 
section , ring ] wfll attain a £emperature ap- 
proximating that of the liner section. Thus, 
T-ring ] .will increase indiameter :substantially 
to-the same extent.as-its.liner section 
7 0fier neappr.eciable :estraint..to £he.exn 
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thereof. Heat will be transmitted from T-ring 
17 through cylindrical member 30 to ring 3! and 
ïmally to the wall of vessel 0. A substantial 
temperature drop will take place in the length of 
cylindrical member 30. Thus, the expansion of 5 
cylindrical member 30 will cause if to assume a 
shape approximating that of a truncated cone, 
see dotted line position in Fig. 3. The greatest 
diameter w/ll be round adjacent T-ring 17 and 
the smallest diameter adjacent ring 3. lO 
As stated, the web of T-ring |  is ruade strong 
and stiff enough to resist deformation by forces 
set up in cylindrical member 30 while cylindrical 
member 30 is made flexible enough fo deflect or 
bend under such forces, hence expansion, or 1 
restraint in expansion, of cylindrical member 30 
will bave no appreciable deformlug or restrain- 
ing effect on T-ring !  nor on the metal of the 
section ! 6 of liner ! 4. Since a temperature drop 
occurs in the length of cylindrical member 30, 2o 
T-ring !  will exert an effect on cylindrical mem- 
ber 30, thaç is, it will tend fo enlarge the diam- 
eter of the end region of cylindrical member 30 
united toit beyond that fo which such region 
tends to expand fo by reason of the temperature 25 
rise. This results in deflection line B, shown as 
point B in Fig. 3, about which cylindrical member 
30 will bend or tend to bend towards wall ! l. 
The opposite end of cylindrical member 30 
attains a higher temperature than ring 3. 30 
Cylindrical member 80 will thus tend fo expand 
beyond the diameter permitted by ring 3 ! and 
wall ! 0 and bends, or tends to bend, about line A, 
shown in Fig. 3 as point A. The forces causing 
or tending to cause the deflections about lines A 35 
and B are the only substantial forces set up in 
cylindrical member 30 by reason of the tempera- 
ture fise. If is tobe noted that the forces men- 
tioned do hot act directly on the welds that unite 
cylindrical member 30 to T-ring  and fo ring 8! 40 
but rather are effective at most to flex the walls 
of cylindrical member 80. The forces mentioned 
cannot, therefore, tear the joints if the welds 
forming the joints are properly designed to carry 
the weight loads. 45 
The fise in temperature also results in cylin- 
drical member 80 increasing ifs length but, since 
cylindrical member 80 does hot attain a very high 
temperature and is comparatively short, the 
effective increase in length if any, is so small that 50 
it imparts no consequential movement to T-ring 
!7 and the section 6 of liner 4 carried by if. 
Since the metal of the section 6 is united to 
ifs T-ring  only by the narrow weld ! 8, there 
is no restraint fo the longitudinal expansion of 55 
the section !8 as the metal of the section 8 
can freely expand from weld ! 8 to ifs ends. Since 
weld 8 is located in the middle, or near the 
middle of the section 8 the movement of any 
portion of the liner metal is a minimum. Thus, 60 
by this construction there is a minimum more- 
ment of the parts tending to more or pack insula- 
tion  8 and to form voids therein. 
Reïerring now to Fig. 2, vessel 50 is of the saine 
character as vessel 10, above described, and is 65 
ruade up of a straight run 5! and a curved run 
82, for conveniinci only two sections 53 and 54 
of the curved run, are shown. Vessel 50 includes 
the novel insulation lining already described and, 
in addition, the novel erosion protection arrange- 7O 
ment of the invention. The elements of the novel 
lnsulation lining have been identifled by the saine 
numerals used in Figs. 1 and 3. The construc- 
tion of the .insulation lining is the saine but the 
elements of the lining vary in form where neces- 75 
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sary fo conform to he hape of the vessel 50 they 
are associated with. 
Metal liner element 4, of vessel 50 of Fig. ., is 
ruade up of sections 8,  and 58. Section 8 is 
round in straight run 5 ! and is generally the saine 
as section 18 of Fig. 1. Sections 55 are round at 
the joint between straight run 5! and curved run 
52 and af the oints between the sections 58 and 
54 of curved run 52. Section 58 is round between 
the ends of sections 55 in section 54. Whether 
two sections 55 are used, as in section 53, or a 
section 58 is interPosed between sections 55, as 
in section 54, will depend on the service. These 
arrangements are in the nature of alternates. 
Sections !, 55, and 58 have their entire sur« 
faces covered by wear members 58. Wear mem- 
bers 58 are shaped to conform to the shape of the 
portion of metal liner element 4 they cover. The 
wear members are arranged in shingle fashion 
so that they shield all portions of metal liner ele- 
ment 4, including all welds therein, as well as all 
circumferential welds in wear members 58 them- 
selves, from the stream of the material handled. 
A wear member 58 is united to each of sections 
5 and 58 at the ends thereof to which lap ring 
3 is united to form an expansion joint. The 
wear members 58 bave all of the fnlctions of lap 
rings 0 of the construction of Fig. 1. Wear 
members 58 are also united to sections 55 and 
in the region of welds !8. These wear members 
50 extend somewhat upstream from welds 18 so 
as to cover them. 
If is tobe noted that wear members 8 are so 
supported that they can freely expand and con- 
tract without appreciably restraining or being re- 
strained by the sections of metal liner element 
to which they are united and without putting 
loads on rings !  tending to warp or distort ruera1 
liner element ! 4. 
I claire: 
1. A vessel, an insulation lining positioned ad- 
jacent the inner face of the walls of said vessel, 
said lining including a depth of insulation and a 
metal liner element between said insulation and 
the material handled in the central space of said 
vessel, and impervious means supporting said 
metal liner element whfle permitting substantially 
.unrestrained radial and longitudinal expansion 
and .contraction thereof, said impervious rneans 
inctuding a member encircling said ruera1 liner 
element and united thereto and extending into 
the space between said metal liner element and 
the walls of said vessel in a plane transverse to 
the longitudinal axis of said metal liner element, 
said encircling member expanding and contract- 
ing radially with said metal liner element v¢ithout 
substantial restraint to said liner elernent, and a 
second member encircling the extending end of 
said flrst encircling member and having one end 
united thereto, said second member being in the 
shape of a surface of revolution and having 
other end united to the walls of said vessel. 
.. A vessel, an insulation lining positioned ad- 
jacent the inner face of the walls of said vessel, 
said lining including a depth of insulation and a 
metal liner element between said insulation and 
the material handled in the .central space of the 
vessel, and impervious means united to said metal 
liner element and fo the vessel walls supporting 
said metal liner element while permitting sub- 
stantially unristrainid radial and longitudinal 
expansion and contraction thereof, said impervi- 
ous means including a ring of T cross-section 
encircling said metal liner element and united 
thereto, the web of said ring extending into the 
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slace beveen saioE metal '!Iner. eleraenI and the 
walts o said vesset in. a plane transverse to the 
longitudinal axis oï said metal liner element, a 
substantially cylindricat member encircling said 
web with one end adjacent said web and united 
therete,, and means, uniting the other end oï said 
cylindrical, member to the vessel walls, said web 
being of suflicient strength te resist restraint by 
sid cylindrical member during expansion and 
contraction. 
3, A vessel, an insulation lining positi0ned ad- 
jacent the inner ïace of the walls of said vessel, 
said. lining including a depth of insulation a 
metal liner element, between said insulation and 
the centraL1 space of said vessel, and impervious 
means- united fo said metal liner element and fo 
the walls oï said vessel supporting said metl liner 
element while permitting, substantially, unre- 
strained radial, and longitudinal expansion there- 
of, said impervious - means incl.uding an elongated 
member in the shape of a straight-sided surface 
of revolution, means uniting one end oï said 
elongated member fo said metal liner element, 
and means uniting the other end of .said elongated 
member to the alls oï said vessel, said means 
for uniting said other end including a ring ruera- 
ber united fo the watls of said vessel upon which 
said. elongated member extends fo provide a sub- 
stantial bearing surface for said elongated ruera- 
ber on saïd ring member, said other end oï said 
e!ongated member being united to said ring ruera- 
ber whereby as said elongated member and said 
ring member expand any stresses set up will ïorce 
said elongated member against said ring member 
and wfll tend fo cause said elongated member fo 
fiex in a region proximate said bearing surface. 
4. A vessel, an insulation lining positioned ad- 
jacent the inner ïace oï the walls oï said vessel, 
said lining including a depth of insulation, a 
metal liner element between sald insulation and 
the central space oï said vessel, and impervious 
means united to said metal liber element and fo 
the walls of said vessel supporting said metal liner 
element while permitting substantially unre- 
strained radial and longitudinal expansion there- 
of, and impervious means including an elongated 
cylindrical member normally disposed æubætan- 
tially parallel to said metal liner element, means 
uniting one end of said cylindrical member to 
said metal liner element, and means uniting the 
other end of said cylindrical member to the walls 
of said vessel, said means ïor uniting said other 
end including a ring member united to the walls 
of said vessel, said cylindrical member extending 
on the inner face of said ring member, said cylin- 
drical member being united fo said ring member 
along the end of said extending portion, whereby 
as said cYlindrical member and said ring ruera- 
ber expand stresses set up in said cylindrical 
member tend fo force said cylindrical member 
against said ring member and tend to cause said 
cylindrical member te flex in a rection adjacent 
said ring member. 
5. A vessel, a depth of insulation disposed be- 
tween the walls of said vessel and the central 
space thereof, a metal liner element formed of a 
plurality of separate sections separating said in- 
sulation from said central space, meanæ support- 
ing each of said sections independently while per- 
mitting substantially unrestrained expansion and 
contraction thereof, and wear protection means 
covering adjacent sections of said metal liner ele- 
ment sections, said wear protection meanæ being 
arranged to overlap in shingle fashion to provide 
continuous wear protection over the whole area 
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of said metal liner elements eovered by said wear 
protection means. 
6. A vessel,, a depth of insulation disposed be- 
tween the walls of said vessel and the central space 
5 thereof, a metal liner element formed of a plural- 
ity of separate sections seprating said insulation 
from said central space, separate means encir- 
cling said sections and united thereto, said sep- 
arate means supporting each of said sections in- 
10 dependently while permitting substantially unre- 
strained expansion and contraction thereof, and 
wear members covering the joints uniting said 
sections to their respective supporting means, 
said wear members arranged in shingle fashion 
.15 to provide continuous protection over the whole 
area of said metal liner elements covered by said 
wear members, each of said wear members being 
.shaped to conform fo the shape of the portion 
of said liner element covered thereby. 
20 7. A vessel, a .depth of insulaton disposed be- 
tween the wlls of said vessel and the central 
space thereof, a metal liner element formed of a 
plurality of separate sections separting said in- 
sulation from said central space, means support- 
.25 ing said sections while permitting substantially 
unrestrained expansion and contraction thereof, 
adjacent ends of said sections being spaced to 
provide access into the space occupied by said 
insulation for pressure equalization, and wear 
S0 members arranged in shingle fashion covering ad- 
jacent ones of said sections and shaped fo con- 
form to the shape of said sections covered, each 
of said sections covered having United to the 
downstream end thereof one of said wear ruera- 
S5 bers positioned to cover said access space there- 
at, said ones of said wear members serving fo 
guide said adjacent ends of said sections in their 
expansion and contraction movements. 
8. A vessel, a depth of insulation disposed be- 
40 tween the walls of said vessel and the central 
space thereof, a metal liner element formed of a 
plurality of separate sections between said in- 
sulation and the central space of said vessel, 
means united to said sections supporting each 
4 of said æections while permitting substantially un- 
restrained expansion and contraction thereof, ad- 
jacent ends of said sections being spaced to pro- 
vide access into the space occupied by said insula- 
"tion for pressure equalization, and wear members 
50 arranged in shingle fashion covering adjacent 
ones of said sectionæ and shaped fo conform fo 
the shape of said sections covered, each of said 
sections covered having united te the downstream 
end thereof one of said wear members positioned 
5 fo cover said access space and fo guide said ad- 
jacent ends in their expansion and contraction 
movements, each of said sections covered having 
united thereto at the region of its joint with said 
supporting means another one of said wear mem- 
60 bers positioned to cover its said joint. 
9. A vessel having a metal wall adapted fo con- 
fine a flowing stream of material, a metal ruera- 
ber positioned on said wall and projecting into 
aid stream, a deposit of weld metal at the up- 
65 stream end of said metal member uniting said 
metal member fo said wall, and a metal wear 
member positioned on ss;id wall against the up- 
 stream side of said weld metal and' united fo said 
wall, said metal wear member projecting into said 
i0 stream to shield said weld metal from direct im- 
pingement by the material of said stream. 
10. A vessel having a metal wall adapted to 
confine a flowing stream of material, a metal 
member positioned on said wall and projecting 
 into said stream, a metal wear member positioned 
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on said wall and spaced from the upstream end 
of said metal member, and a deposit of weld 
metal in the space between said metal members 
and said metal wear member uniting them to 
each other and to said wall, said metal wear 
member protecting said deposit of weld metal 
from direct impingement by the material of said 
stream. 
11. A vessel, a depth of insulation disposed be- 
tween the walls of said vessel and the central 
space thereof, a metal liner element formed by a 
plurality of separate sections separating said 
insulation from said central space, adjacent ends 
of said sections being spaced to provide access 
into the space occupied by said insulation for 
pressure equalization, lap rings positioned to 
cover said access spaces and serving to guide said 
adjacent ends of said sections in their expan- 
sion and contraction movements, a plurality of 
wear rings, each of said lap rings having one of 
said wear rings positioned adjacent the upstream 
end thereof, and a deposit of weld metal between 
the lap ring and wear ring of each set of lap rings 
and wear rings uniting its respective lap ring and 
wear ring to each other and to the metal liner 
eiement, said wear rings each protecting their 
respective deposit of weld metal from direct im- 
pingement by the material handled. 
12. An insulation lining, adapted to be posi- 
tioned adjacent to the inner face of the walls of 
a vessel, comprising a depth of insulation, a metal 
liner element positioned against said insulation 
and adapted to confine the material handled to 
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the central space of said vessel, and support 
means including an elongated cylindrical ruera- 
ber and a T-shaped ring member, said T-shaped 
rini member surrounding said metal liner ele- 
5 ment, said cylindrical member surrounding said 
T-shaped ring member, said T-shaped ring ruera- 
ber being united to said metal liner element on 
a narrow peripheral band disposed in a plane 
transverse to the longitudinal axis of said liner 
10 element and located adjacent to the middle oï 
said metal liner element whereby longitudinal 
expansion and contraction of said metal liner ile- 
ment is unrestrained by said T-shaped ring mem- 
ber, said T-shaped ring member having its cen- 
13 tral web united to said cylindrical member, and 
a second ring member united to said cylindrical 
member and to said vessel walls to provide a 
biaring surface for said cylindrical member 
whereby upon expansion said ring members tend 
20 fo cause said cylindrical member to flex. 
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